The purposes of this study were to investigate the reliability and efficiency of a new evaluation method for resin bonding to root canal dentin, which measures both marginal adaptation and shear bond strength simultaneously, and to determine the effects of root canal irrigants on resin bonding.
INTRODUCTION
Recent studies reported that endodontically treated teeth are not reinforced by a fullcoverage crown combined with post and core systems1,2). Those studies stated that preservation of the tooth structure is an important factor to prolong the longevity of the tooth. In addition, minimizing the amount of tooth structure loss is reported to be essential for a favorable prognosis3). However, a good performance of the resin bonding system to the tooth structure is desired to restore the tooth after root canal treatment.
The reliability and predictability of resin bonding to enamel are well established.
However, those to dentin are still questionable because dentin has a greater organic content than enamel4). Moreover, both the composition and morphology of deep dentin are different from those of superficial dentin. For example, the hardness of deep dentin is less than that of superficial dentin5); the density and diameter of dentinal tubules of deep dentin are greater and thicker, respectively, compared with superficial dentin; the calcification of deep dentin is not as mature as that of superficial dentin3). Therefore, bond strength to deep dentin has been reported to be lower than that to superficial dentin6,7). In addition, deep dentin and root canal wall dentin in the CCD camera with approximately 0.04mm precision, respectively. The sectioned specimen was positioned into a brass jig for the punch out shear bond strength test (Fig. 3) . This jig consisted of two parts; the upper part had a cylindrical projection at the center (3.9mm in diameter, 3.0mm in height), and the lower part had a round hole (4.0mm in diameter) also at the center. The load was applied from the apical side of the specimen. The initial dislodgement load by which the filled resin was punched out from the root canal wall cavity was measured using a universal testing machine (1123, Instron, Canton, MA, USA) at a crosshead speed of 1.0mm/min.
The punch out shear bond strength was defined as the dislodgement load divided by the bonded area (approximately 13mm2).
Statistic analyses
Occurrence of the gap formation was analyzed using the chi square test at a significal level of 5%. The punch out shear bond strength was evaluated using the one-way ANOVA and the Tukey-Kramer multiple range test at a 5% significance.
RESULTS
Results of contraction gap measurements for SB and MB are illustrated in Figs. 4 and 5, respectively.
All specimens of condition A showed marginal gaps. In contrast, neither the specimens of B, C, D and E in which SB was applied nor those of B in which MB was applied, showed any gaps. However, specimens of C, D and E, in which MB was applied, showed gaps significantly more frequently with longer NaClO treatment time.
Results of the punch out shear bond strength are shown in Figs. 6 and 7. The error bars indicate standard deviations.
All specimens of condition A showed poor shear bond strengths.
The bond strengths of SB for specimens of B, C, D and E were 7.1, 8.1, 10.8 and 9.8MPa, respectively.
There were no significant differences among those values. However, the bond strengths of MB for B, C, D and E were 5.6, 
